The storage triacylglycerols of nasturtium (Tropaeolum majus) 
14Cloleate also formed from 114CI acetate was in the polar lipid fraction.
Kinetic data showed that this oleate was not channeled into cis-11-eicosenoate nor cis-13-docosenoate over a 24-hour period. Under suitable conditions, nasturtium seed could also produce 114Clstearate, 114Cleicosenoate, and 114Cldocosenoate from 11_-4Clacetate. The (Link) ] seed has involved the investigation of the biosynthesis of cis-i l-eicosenoate and cis-13-docosenoate (9, 11).3 The fatty acids of the triacylglycerol fraction from mature nasturtium (Tropaeolum majus) seeds are rich in oleate (10%), cis-I l-eicosenoate (25%), and cis-13-docosenoate (65%), with almost no linoleate or a-linolenate ( 13). Therefore, nasturtium seeds were chosen as a model system for elongation studies. Nasturtium can be readily grown all year round in the greenhouse, whereas developing jojoba seeds are available for only a limited period each year.
Working with Brassica napus L. and Crambe abyssinica seed, Downey and Craig (5) and Appleby et al. (2) , respectively, have demonstrated that cis-II -eicosenoate and cis-13-docosenoate are 'This work was supported by Grant PCM76 01495 from the National Science Foundation administered by P. K. S.
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Fatty acid structures may be given in one of three ways: erucic acid (common name), cis-13-docosenoic acid (systematic name), or 22:1(13c) (abbreviation).
produced by the elongation of cis-9-octadecenoate (oleate) rather than by total de novo biosynthesis. There is also evidence suggesting that the glycerol-3-P pathway for triacylglycerol biosynthesis is operative in C. abyssinica (6) . Recent studies with cell-free extracts from developing jojoba cotyledons have shown that long chain acyl-CoAs, including oleoyl-CoA and also stearoyl-acyl carrier protein thioester, are elongated in the presence of malonylCoA and NADPH (or NADH) (11). Data from both in vivo (9) and in vitro (10, 1) Incubations. Developing nasturtium seeds were excised from their seed coats and cut into small pieces (about 1-to 2-mm cubes) with a razor blade. The tissue (150 mg) was incubated with "4C-labeled substrate (1 -5 ,iCi) in 0.1 M Na-phosphate buffer (0.5 ml) at pH 6.0. Incubations were generally for 6 h in open tubes in a reciprocating water bath at 26 to 27 C. Free I-14C-labeled fatty acids were added to the buffer as their ammonium salts in 20% aqueous ethanol (5 ,ul) . In experiments where a high level of "4C-labeled saturated fatty acid formation from [1-_ C]acetate was required, about 300 mg tissue was used per tube. The tube dead space (15 ml) then was flushed with N2 for 1 min and the tube was tightly capped.
Incubations were terminated by adding isopropanol (I ml) and heating at 80 C for several minutes. On cooling, 8 GLC of the '4C-labeled fatty methyl esters, with radioisotope monitoring by a gas flow proportional counter (referred to as radio-GLC) was as described previously (9) For a-oxidation and controlled decarboxylation, the unsaturated methyl esters were first hydrogenated over a 10%o palladium on charcoal catalyst at 40 p.s.i. H2 gas pressure. Prior to saponification, an aliquot was examined by radio-GLC to check for complete reduction to the corresponding saturated ester.
Chemical a-oxidation of 14C-labeled saturated acids was achieved by the method of Harris et al. (7) . After a-oxidation with permanganate and extraction, the mixture of shorter chain acids was esterified with diazomethane and analyzed by radio-GLC.
Controlled chemical decarboxylation of 14C-labeled saturated acids was done by a microscale adaption of the procedure of Dauben et al. (4) . The 14C distribution between the alkyl nitrile (Cn -1) and benzoic acid [containing C(1)1 was routinely measured by TLC, using half and then full development in petroleum etherdiethyl ether-acetic acid (90:10:0.5, v/v). The figures obtained were in close agreement with measurements of the specific activities of the fragments by radio-GLC (1o SP-2330, 200 C). After base hydrolysis of the LC-labeled alkyl nitrile to yield the 14C-labeled free acid, chain shortened by the loss of C(l), the entire procedure was repeated to give data on the per cent 14C in C (2) and subsequently in C(3).
RESULTS
Lipid Composition and 11-'4CIAcetate Incorporation during Nasturtium Seed Development. Figure I shows the variation of seed weight, seed lipid content, and [1-'4C]acetate incorporation into the lipid extract during development. The seeds most actively synthesized lipid between 12 and 20 days after pollination, which is when they were routinely picked for these studies. This optimum period was a few days later for seeds harvested in winter. The profiles shown in Figure 1 are typical of most maturing oilseeds
(1).
Details of the acyl composition during maturation are shown in Table I to 20% of the total polar lipid acyl residues. Since mono-and diacylglycerols, mono-and digalactosyl diglycerides, and free fatty acids were not detected by TLC, they could only be very minor components of developing nasturtium seed lipids.
During maturation, the level of cis-11 -eicosenoate accumulation in triacylglycerols diminished, whereas cis-13-docosenoate synthesis continued (Table I) . Whether this is due to a shift in the ratio of cis-l l -eicosenoate to cis-13-docosenoate produced de novo or to a slow turnover of cis-l l-eicosenoate in the triacylglycerols with its concurrent elongation to cis-13-docosenoate is not known.
In six separate experiments, [1-'4C]acetate incubation with chopped seed tissue (150 to 250 mg) in 0.5 ml buffer in open tubes gave 10 to 29% incorporation of radioactivity into the lipid extract after 6 h. The "C-labeled fatty acid distribution within total lipids (100%) was: palmitate, 3 Production of "4C-labeled Saturated Fatty Acids. Nasturtium seeds contain only traces of C18 to C22 saturated acids (13). However, under suitable conditions, incubations with [1-'4CJace-tate could give rise to appreciable amounts of these labeled acids ( Table III) . Conditions that favored formation of saturated acids were purging of the tube dead space (15 ml) with N2, followed by immediate capping, and using greater amounts of seed tissue/0.5 ml buffer.
Distribution of Label along Acyl Chain from Incubation of Nasturtium Seeds with 11_-4CIAcetate. Table IV shows the distri- Aldehyde ltey Cn C(n-D) C(n,2) C,n-3) C(n-4) C(l) C (2) (Table IV) . Successive decarboxylations of ['4CJeicosanoate suggested that this acyl moiety was obtained by chain extension of palmitate since C(1) and C(3) were approximately equally labeled. Careful examination of the data in Table IV reveals that the ratio of specific activity of carbon atoms in the de novo portion of the acyl chain to the specific activity of carbon atoms in the elongated portion is much higher ( by approximately a factor of 5) for the "C-labeled saturated acids than for the "C-labeled monounsaturated acids. Such observations are common to meadowfoam (Limnanthes alba) seeds, where the elongation of palmitate to eicosanoate is an important reaction (12) .
Time The time course and pulse chase for 14C-labeled saturated fatty acid production (Fig. 3) showed a similar pattern to that for 14C-labeled monoene production (Fig. 2b) . Pulse chasing with acetate did not result in a noteworthy transfer of label from palmitate or stearate to eicosenoate or docosenoate (Fig. 3a) . Figure 3b shows whereas the decrease in polar lipid labeling followed the inhibition of ['4Cjoleate biosynthesis (50%o inhibition at 15mM). The distribution of "4C-labeled acyl groups within triacylglycerols (mainly eicosenoate and docosenoate) and polar lipids (mainly palmitate and oleate) was not affected by trichloroacetic acid. In a separate experiment where conditions were set to favor 14C-labeled saturated acyl formation (Fig. 4b) 
DISCUSSION
The preferential incorporation of [1-_4C]acetate in vivo into C(l) of cis-1ll-eicosenoate and C(1) plus C(3) of cis-13-docosenoate appears to be a general phenomenon for oilseeds containing these acids. It has been demonstrated in B. napus L. (5), S. chinensis (9) , Limnanthes alba (12) , and T. majus, four very different plant species. Eicosenoate and docosenoate appear to be derived from a chain elongation of oleate, which is a process metabolically separate from the de novo biosynthesis of oleate from acetate.
Although data obtained from intact tissue or tissue slices provide important leads for the establishment of biosynthetic pathways, interpretation of such data should be conservative. For example, incubation of a '4C-labeled substrate with intact seed tissue followed by isolation of "4C-labeled products from the total tissue reflects the total capacity of different cell types to utilize the "C- (Fig. 5) .
Whether or not they co-exist within the same cell type cannot yet be answered. The label in "C-labeled oleoyl polar lipids could (Fig. 2b) . Also, the ratio of 4C as oleate in the polar lipids to 14C in the de novo portion of eicosenoate and docosenoate (i.e. the first 18 carbon atoms, counting from the methyl end) remained constant at about 3:1. However, the ratio of endogenous oleate channeled into phospholipids and into triacylglycerol biosynthesis in vivo must be the reverse. If it is assumed that there is only a single site for oleate biosynthesis within the tissue, the majority of the oleate produced would have to move through the polar lipid pool in order to be channeled towards triacylglycerol biosynthesis. Over the period of maximum lipid biosynthesis (14 to 16 days after pollination; Fig. 1 ), about 0.3 to 0.5 mg eicosenoate plus docosenoate are produced/seed. day, whereas total endogenous oleoyl phospholipids represent about 0.5 mg oleoyl residues/seed (Table I) . If [14C] docosenoate. This was not observed. Nevertheless, the seed must have a mechanism to produce oleoyl phospholipids, as these increase during the early development of the seed (Table I) .
Inasmuch as a single "site" of oleate biosynthesis cannot explain these data, the question then arises as to whether two sites exist in seeds within the same cell-type at the same developmental stage. If such is the case, then seed cells differ from leaf cells with respect to their sites for lipid biosynthesis because it has recently been shown (8) that only one site of fatty acid synthesis (acyl carrier protein-dependent) occurs in the leaf cell (Spinacea oleracea leaf protoplasts) and that this site is associated exclusively with the chloroplast. However, there are other explanations for the data presented here. Heterogeneity of cell type within the tissue (ie. cotyledon, endosperm, and embryo), could give rise to a composite "C-labeled lipid pattern. Or (Fig. 5) .
The above results and discussion do not rule out the possibility of a small, specific polar lipid pool being involved in the biosynthesis of triacylglycerols containing cis-1 l-eicosenoate and cis-13-docosenoate nor even a small polar lipid pool transporting oleate from A to D (Fip. 5). The incorporation of radioactivity, as acyl groups from [1-' Clacetate, into diacylglycerols and phosphatidic acid was very low in nasturtium seeds and, hence, not followed with time. However, the glycerol-3-P pathway to triacylglycerols may be active in nasturtium inasmuch as it has been demonstrated in C. abyssinica (6) , an oilseed which produces large amounts of cis-13-docosenoate. The labeling pattern of the lipid classes in nasturtium differed markedly from that reported by Slack et al. (14) for oilseeds containing linoleate and a-linolenate, where high levels of diacylglycerol and phosphatidylcholine were labeled and where a rapid turnover of these lipids was suggested as being linked to desaturation and triacylglycerol production.
Although cis-I1 -eicosenoate and cis-1 3-docosenoate are labeled extensively at the chain-extended carbons, there is a small amount of label in the de novo portion. The relative specific radioactivities for carboxyl end and de novo portion carbon atoms were about 1: 0.03. This may represent a small "leakage" of exogenous [1-'4Clacetate, or its metabolites, into site A (Fig. 5) (Fig. 3a) . Also, the inhibition of [ (Fig. 4b) .
Thus, the behavior of ['4CJpalmitate and [' C]stearate in polar lipids mirrors that of 'C-labeled oleoyl polar lipids. The time course for saturated acyl production (Fig. 3b) (c) in different cell types. The full answer to this important question must await techniques for the isolation of homogeneous cell populations from seeds and also the in vitro localization of the sites of fatty acid synthesis in these seeds.
